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Abstract 
This study tried to investigate the prospective mathematics teachers’ abilities to construct relations between the symbolic and 
visual representations of series with complex terms. The sample was composed of 80 prospective mathematics teachers who were 
in their last grade of their undergraduate degree. There were two parallel tests to conduct this study. It was aimed at visually 
explaining the manner of the partial sum of series with complex terms in the first part of the study and, in the second part, at 
constructing the general term of the series with the help of the visually given the sum of it. Research indicated that participants’ 
success in the transition from the visual to symbolic representation was statistically low. Specifically, participants faced difficulty 
in visualization of the symbolic representation of partial sums of the series with the complex terms.  
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Using representations in classrooms is seen one of the important components for mathematical proficiency. 
According to Goldin and Shteingold (2001), representation systems take important place in teaching mathematics 
due to its natural structure. This is because mathematical knowledge components are presented by different 
representation systems.  
Researchers argue that using multiple representation and ability to make transition among different representation 
types (e.g. graphs, tables, algebraic and verbal expressions) are considered to be an important sign for conceptual 
understanding (Harries & Barmby, 2008; Heinze, Star & Verschaffel, 2009; Kaput, 1989; Lesh, Post & Behr, 1987). 
Due to its contribution to conceptual understanding, NCTM (2000) supports the use of different representation in 
learning environment and actualization of transition from one representation type to another. In fact, different 
representations exhibit different perspectives. With respect to the importance of using different representations and 
making transiting between the representation types, the difficulties related to the transition from one representation 
type to another may negatively affect students’ mathematics learning and their performance to solve problem. 
Moreover, studies conducted during the recent years argued that, in addition to truly and fast solution of 
mathematical tasks, it is also important to do solutions by using different representations and strategies (Baroody & 
Dowker, 2003; Verschaffel, Greer, & De Corte, 2007). 
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Transition from one representation type to another can be used to determine students’ learning levels of the 
taught concepts which are abstract and are considered to be hard to learn. Therefore, it is possible to have 
knowledge of students’ conceptual learning levels of the subjects which are generally tried to be taught analytically 
and with rules. One of the subjects which is traditionally taught analytically and with rules is the complex numbers 
øpek, 2003). Since students, in general, perceive the complex numbers as real numbers, it was argued the difficulty 
of teaching complex numbers in the related studies (Cuoco, 1997; øpek, 2003; Özdemir, 2006).  
The purpose of this study with respect to the knowledge above is to investigate pre-service mathematics students’ 
abilities to construct the relations between symbolic and visual representations of the series with complex terms. 
Therefore, it is argued to have idea about their conceptual learning toward the series with complex terms. 
2. Method 
2.1. Participants 
The sample of this study is composed of 80 pre-service mathematics teachers who are enrolled to department of 
Primary School Mathematics Education in KazÕm Karabekir Faculty of Education in Atatürk University in the fall 
semester of 2010 – 2011 academic years. All of the participants took a course that includes the series with complex 
terms. Therefore, it was supposed that they had knowledge of such subject. 
2.2. Data Collection Instrument 
Two parallel tests were prepared for this study. In the first part of the study, it is expected from the participants to 
visually present the pattern of the partial sum of the series with complex terms. In the second part, the construction 
of the general term of series by means of the partial sums which were given in visual form. During the preparation 
of the problem asked in the test, opinion of expert in mathematics educators was gained. In addition, pilot study was 
done with 10 students. The last version of test was prepared after necessary corrections (Figure I). A test that 
necessitates to visually explaining the pattern of the partial sum of the series with complex term was conducted to 
pre-service mathematics teachers in the duration of one class hour. Two weeks after this application, the second part 
of the test was applied to same students in one class hour.  
2.3. Data Analysis 
In the first part of the study, pre-service teachers’ responses which calculated a number of the sums of the series 
with complex term and that visualized the convergent points of such sums in the plane were considered to be “True” 
(T). The code “Partially True” (PT) was given to their responses which constructed series’ partial sums but did not 
visualize such points’ convergent point in the plane. Their responses which couldn’t find correct answer in either 
parts  or  which  the  operations  were  not  clear  enough  were  coded  as  “False”  (F).  In  the  second  part  of  the  test,  
participants’ responses which constructed the symbolic representation of the series with complex term by means of 
partial sums and , therefore, represented the general term of were coded as “True” (T). Their responses which 
symbolically represented the terms of series but did not represent the general term were coded as “Partially True” 
(PT). At the end, if both steps of the solutions were wrong or if the operations were not clear, students’ responses 
were  coded as  “False”  (F).  For  both  of  the  tests,  “True”,  “Partially  True”  and “False”  were  coded as  2,  1  and 0,  
respectively. The descriptive statistics technique was used to represent the finding of the study. 
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 Please construct visual 
representation of the 
pattern of the partial 
sums of this series which 
involves complex term.
1. The figure above present the visual representation of the pattern of the partial sums 
of the series with complex term. With this information, please find the general term of 
the series with complex term.
Figure 1. Questions asked for the study 
3. Findings 
The table 1 shows pre-service mathematics teachers’ responses to the question of constructing visual 
representation from symbolic representation and that of constructing symbolic representation from visual one. 
Table 1. Means of Pre-service teachers’ achievement scores on transition between representations.
T PT F
Constructing visual representation from symbolic one 16 (20) 54 (67,5) 10 (12,5) 
Constructing symbolic representation from visual one 28(35) 22(27,5) 30(37,5) 
     * Data was represented in the form of f (%) 
From the data shown in Table 1, it was found that pre-service mathematics teachers’ achievement scores were 
low in the transition between symbolic and visual representations. They had more difficulty in finding the general 
term of visual representation of the series with complex term. Participants’ responses to the question of constructing 
symbolic representation to visual one is more in “Partially True” category, while the reverse situation is 
concentrated on “False” category.  
After investigating pre-service mathematics teachers’ answers to questions, it was found that they could calculate 
the partial sum of the series with complex term in a few steps, however, they could not calculate the convergent 
point of the partial sums. In addition, the responses that showed the calculation of the convergent point of partial 
sums had difficulty in showing this situation in the complex plane. One of the examples of pre-service teachers’ 
answers is given in the figure 2. 
Tug˘rul Kar et al. / Procedia Social and Behavioral Sciences 15 (2011) 356–360 359
Figure 2. An example for constructing visual representations.
From the perspective of constructing symbolic representation from visual one, the results revealed that 
participants faced difficulty in constructing each term of series with the help of partial sums of series, and those who 
achieved this also faced difficulty to represent the general term. An example answer from participants’ responses to 
second question is given in the Figure 3.  
Figure 3. An example for constructing symbolic representation 
4. Discussion and Conclusion 
In this study, pre-service mathematics teachers’ ability to construct relation between symbolic and visual 
representations of the series with complex term. According to the results of this study, their achievements on 
transition between symbolic and visual representations were low. Considering the studies that indicates that making 
transition among different representations are among critical abilities for conceptual learning (Lesh, Post, & Behr, 
1987; Harries & Barmby, 2008; Kaput, 1989; Heinze, Star, & Verschaffel, 2009), this study revealed that pre-
service teachers’ conceptual understandings on series with complex terms were very low.  
Vinner and Herkowitz (1980) found that students always had learning difficulties on mathematics subjects, if 
they were taught only definitions analytically or only with limited number of visual examples. At this point, giving 
only limited number of example on different representation types in learning environment, and especially not 
focusing on transition among different representation types can be considered to be the reasons of the low 
achievement for this study. 
The results showed that pre-service mathematics teachers had difficulty especially in finding the general term of 
the series with the complex term with respect to visual representations. According to Dreyfus and Eisenberg (1991), 
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visual thinking requires more cognitive performance when compared to algorithmic thinking. Experiencing 
difficulties in transition between the representations can be attributed to this situation as a reason. In addition, to 
explain the symbolic representations, visual representations are used in undergraduate level education. On the other 
hand, the activities that aims at the interpretation of the visual representations are not used in undergraduate level. 
This situation can be a reason for experiencing difficulty in finding general term of the series with complex term. 
Graham, Pfannkuch and Thomas (2009) pointed out the importance of ability to transform a representation of any 
concept to a different representations and the necessity of constructing a balance between operational and 
conceptual interaction in transition between different representations. This study showed pre-service mathematics 
teachers’ difficulties to construct each term of the series with complex term with respect to partial sums of the series 
with complex terms. This result is an indicator of their inability to construct operational and conceptual balance 
between different representation types.  
In order to diminish pre-service mathematics teachers’ difficulties in transition between different representation 
types of the series with complex terms, it is suggested to give more attention and importance to use different 
representations in learning environment. In addition, it is also suggested that the interpretation of visual 
representations in teaching abstract concepts, as well as visual supports, should be given more importance in 
learning environments.  
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